Introduction: Candida species are major causes of healthcare-associated infections with colonization preceding infection. Understanding risk factors for colonization by Candida species is important in prevention. However, data on risk factors for colonization by Candida species alone or with other healthcare-associated pathogens is limited. Methods: From 2002 to 2006, 498 patients were enrolled into a prospective cohort study at our institution. Surveillance perirectal, nasal and skin swab samples were obtained upon enrollment. Samples were cultured for the presence of Candida species, Methicillin Resistant Staphylococcus aureus, Vancomycin Resistant Enterococcus, and Resistant Gram Negative organisms. Data on demographics, comorbidities, device use, and antibiotic use were also collected for each subject and analyzed using univariate and multivariate logistic regression. Results: Factors associated with Candida colonization at admission in univariate analysis included ambulatory status, a history of Candida colonization and the use of antibiotics prior to enrollment. In multivariate analysis, ambulatory status (odds ratio; OR = 0.45, 95 % CI: 0.27-0.73) and fluroquinolone use (OR = 3.01, 95 % CI: 1.80-5.01) were associated with Candida colonization at admission. Factors predicting Candida co-colonization with one or more MDROs at admission in univariate analysis included, older age, malnutrition, days spent in an ICU in the 2 years prior to enrollment, a history of MRSA colonization, and using antibiotics prior to enrollment. In multivariate analysis malnutrition (OR = 3.97, 95 % CI: 1.80-8.78) a history of MRSA (OR = 5.51,) and the use of macrolides (OR = 3.75, 95 % CI: 1.18-11.93) and other antibiotics (OR = 4.94, 95 % CI: 1.52-16.03) were associated with Candida co-colonization at admission. Discussion: Antibiotic use was associated with an increased risk of colonization by Candida species alone and in conjunction with other multidrug-resistant organisms (MDROs). Antibiotic stewardship may be an important intervention for preventing colonization and subsequent infection by Candida and other MDROs.
Introduction
In the U.S. healthcare-associated infections (HAI) affect about 1.7 million individuals and play a role in approximately 99,000 deaths per year [1, 2] . Candida species are an important healthcare-associated pathogen with bloodstream infections resulting from Candida being the fourth most common cause of hospital acquired bloodstream infection [3] . There is also frequent co-colonization by Candida and other healthcare-associated pathogens [4] which has implications for treatment and can result in various adverse outcomes [5] [6] [7] [8] .
Colonization precedes infection [9] . Therefore, an understanding of risk factors for colonization is essential to devise effective preventive strategies for infection. However, data on factors predicting colonization by Candida at admission are limited, with most literature focusing on colonization in patients with critical illnesses, long term hospital stays, intensive care unit (ICU) patients or neonates. We undertook an observational cohort study to examine risk factors for rectal colonization by Candida 
Methods

Study setting and protocol
The University of Wisconsin hospital is a 592 bed tertiary care hospital with active solid organ and bone marrow transplant programs. There are 6 ICUs and the patient population comes from all over Wisconsin as well as parts of Illinois and Minnesota. We do not undertake systematic screening for MRSA, VRE or resistant gram negative bacteria. Initiatives to improve hand hygiene have been in place but began after this study had ended. No other specific infection control interventions were in place. From April 2002 to June 2006, 498 patients were enrolled into a prospective cohort study at the University of Wisconsin hospital. A daily census of hospital admissions was obtained and subjects were randomly selected to be approached for participation. Patients on the psychiatry floor or those in the observation unit (anticipated length of stay < 1 day) were excluded. Consenting patients were enrolled within 1 day of admission to the hospital and were followed until hospital discharge. This study was approved by the institutional review board at our institution.
Surveillance swab samples were obtained from the subject's nose, rectal area, underarm area, groin, and if applicable, open wound sites upon enrollment and once a week thereafter until discharge. Each rectal area sample was cultured for the presence of Candida, MRSA, VRE, and RGN organisms and the nose, underarm and groin samples were cultured for the presence of MRSA. Data on baseline demographics, comorbidities and device use, and pre-and post-hospital admission antibiotic use were also collected for each subject.
Laboratory methods
To test for the presence of MRSA, the nasal, underarm, groin, peri-rectal, and wound swabs were inoculated into tryptic soy broth with 6.5% NaCl for 24 h. Fifty microliters were then plated onto Mannitol salt agar plates with 4ug/ ml Oxacillin. The plates were then incubated for 48 h and examined for growth. Gram positive cocci were tested for catalase and coagulase for identification of S. aureus. All isolates were also tested for resistance to oxacillin using Kirby Bauer Disk Diffusion. To test for the presence of VRE, the rectal swabs were inoculated into bile esculin broth and incubated for 24 h. Fifty microliters were then plated onto bile esculin agar with 6ug/ml vancomycin . Plates were incubated for 48 h and examined for growth. Gram positive cocci were tested for catalase and pyrrolidonyl arylamidase (PYR) for identification of enterococcus. All isolates were tested for resistance to vancomycin by E-test. To test for the presence of RGN organisms, the perirectal swabs were inoculated onto MacConkey agar with 0.5 mg/ L of cefotaxime. Gram negative rods were identified using oxidase and analytical profile index (API) testing for enteric and non-enteric bacteria. All isolates were also tested for resistance using Kirby Bauer methods. To test for the presence of Candida, the rectal swabs were inoculated onto Sabouraud's dextrose agar with chloramphenicol and gentamicin. Each yeast isolate was then identified using API testing for yeast species.
Definitions
Colonization with Candida was defined as a positive rectal culture for any Candida species. Co-colonization with Candida was defined as a positive rectal culture for any Candida species along with a positive rectal culture for VRE or RGN or a positive rectal, nasal, underarm or groin culture for MRSA. A history of MRSA or Candida was defined as having a previous positive culture with the specified organism.
Statistical methods
Exploratory data analyses and univariate logistic regression were performed to examine factors associated with Candida colonization alone and with its co-colonization with other MDROs. Factors for which the association with the outcomes of interest were suggestive (p < 0.10) were examined for possible retention in multivariate logistic regression. Parsimonious models were constructed using statistically significant variables and included clinically relevant factors that did not compromise model fit. Unadjusted and adjusted odds ratios and corresponding confidence intervals (CI) were estimated for factors associated with Candida colonization and its co-colonization with MDROs. Subjects with missing data were removed from analysis. Data were analyzed using SAS version 9.4.
Results
The University of Wisconsin hospital is a 592 bed facility with a patient population that averages 86 % percent white and 5 % African-American 3 % Hispanic/Latino, 1 % Asian and 5 % other. Four-hundred and ninety-eight individuals were enrolled in the study and 8 were ultimately removed from multivariate analysis due to missing data. 275 subjects were male (56 %) and 217 subjects were female (44 %). The average patient age was 56.5 (15.2) years (Table 1) . Nineteen percent of subjects were colonized with Candida species at baseline, 4.3 % were In multivariate analysis, adjusting for age, and other factors included in the model patients who could ambulate had 55 % lower odds of being colonized with only Candida at admission (OR = 0.45, 95 % CI: 0.27-0.73). Patients who used quinolones prior to hospital admission had three times greater odds of being colonized with Candida at admission to the hospital (OR = 3.01, 95 % CI: 1.80-5.014) ( Table 3) .
We examined factors for co-colonization by Candida species and one or more of the other organisms of interest in this study (Table 4) (Table 5) .
In multivariate analysis, adjusting for age, and other factors included in the model, we found that, at admission, malnourished individuals had a four-fold greater odds of being co-colonized (OR = 3.97, 95 % CI: 1.80-8.78) and individuals with a history of MRSA had over a five-fold greater odds of being co-colonized (OR = 5.51, 95 % CI: 1.89-16.04). Individuals who used macrolides prior to admission had almost a four-fold greater odds of being co-colonized (OR = 3.75, 95 % CI: 1.18-11.93) and individuals who used either metronidazole, dapsone, or linezolid had a five-fold greater odds of being cocolonized (OR = 4.94, 95 % CI: 1.52-16.03) ( Table 6 ).
Discussion
Infection by Candida species in hospitalized patients is associated with considerable morbidity and mortality. Prevention is essential but a better understanding of the factors that predict colonization by Candida species is needed. Our study expands the current literature in this area. We identified a number of factors that predicted colonization by Candida species alone or in conjunction with other MDROs. Specifically, we found that individuals who were able to ambulate were less likely to be colonized with Candida species at enrollment and those using Fluoroquinolones prior to admission were more likely to be colonized with Candida species at enrollment. Additionally, we identified several factors that predicted co-colonization with other MDROs at enrollment. These included malnutrition, a history of MRSA, and the use of Macrolides or the use of either Metronidazole, Dapsone, or Linezolid prior to hospital admission.
We found that subjects who could ambulate as opposed to those who could not were about 50 % less likely to be colonized with Candida at enrollment. These individuals were more likely to have been mobile, and not been confined to a hospital or long-term care facility. Our findings are consistent with studies that have shown that individuals who can ambulate are less likely to develop infections [10] [11] [12] [13] , one study even suggested that patients who are admitted to long-term care facilities ambulate more frequently as a form of infection prevention [14] .
We also found that subjects with a history of Candida colonization were more likely to be colonized with Candida at admission than those without this history. Our findings are in keeping with previous studies which reported that colonization with Candida species may be prolonged [15] . Additionally we identified factors that were associated with an increase in the risk of co-colonization by Candida and at least one other MDRO. Subjects with malnutrition showed an increased risk of being co-colonized at baseline. Malnutrition can impair an individual's immunity and cause immune dysfunction, thus affecting the body's ability to fight infection [16, 17] . Accordingly, this impairment of an individual's immune system as a result of their malnutrition could be the driving force associating malnutrition and a higher likelihood of co-colonization.
Having a history of MRSA colonization was also indicative of being co-colonized at baseline. Previous studies have shown an association between having a history of MRSA and having a positive MRSA screening sample at hospital admission [18] as well as an association between having a history of Staphylococcus colonization and developing a surgical site infection [19] . This suggests then that having a history of MRSA could be a predictor of baseline colonization with not only MRSA but other organisms as well, including Candida. Colonization with MRSA can also be indicative of a previous hospitalization or previous use Other antibiotics included use of either Metronidazole, Dapsone or Linezolid of antibiotics; these variables have been shown to be associated with colonization and therefore may also be mediating this relationship [20] . The use of certain antibiotics was implicated with a higher likelihood of colonization and co-colonization. Previous studies have also highlighted the association existing between antibiotic use and Candida colonization [21] [22] [23] [24] [25] . It has been found that the use of antibiotics with broadspectrum activity were associated with higher levels of C. albicans colonization and accordingly our study also found that subjects taking certain antibiotics prior to admission were more likely to be colonized and co-colonized at enrollment [21] . More specifically, we have observed that the use of quinolones prior to hospitalization was associated with an increase in a subject's likelihood of being colonized with Candida at baseline and the use of macrolides and either metronidazole, dapsone or linezolid prior to hospitalization was associated with an increase in a subject's likelihood of being co-colonized with Candida and another organism at baseline. It has been suggested that individuals taking antibiotics were more likely have a reduction in intestinal bacteria, allowing Candida to opportunistically grow, thus resulting in an increase in intestinal Candida counts [22] which would support this observed association. Information on the the duration of antibiotic exposure and whether or not antibiotics were appropriately utilized by each subject was unavailable in this study but would be an important point of interest for future studies. In this regard however, our study has highlighted the possible antibiotics that should be more closely monitored in future studies and in a clinical setting when prescribed to patients.
A limitation of this study was its small sample size, which will restrict the power of our associations. We also lacked information on length of use and date of last dose for pre-admission antibiotics, which limited our ability to fully describe the relationship between these drugs and colonization. Additionally, we repeated surveillance testing no more frequently than every 3 days, so a positive test after the admission test was negative was a priori defined as acquisition. It is possible that our admission testing resulted in false negatives, however we followed procedure similar to that of most studies that have evaluated acquisition. Finally, we lacked information on possible pre-and post-admission antifungal use by the subjects in our dataset and cannot make any assertions about the role these drugs might play on the outcome of colonization and cocolonization. The use of antifungals however is an important factor to analyze in future studies.
Conclusion
Our study has shown that ambulatory status, malnutrition, a history of MRSA colonization, and antibiotic use prior to admission were significant risk factors for Candida colonization and co-colonization at hospital admission. These risk factors are important indicators of colonization to be examined in patients at hospital admission so as to better anticipate and prevent colonization and co-colonization with Candida species and MRSA, VRE and RGN organisms. Also, given that antibiotic use is a directly mutable variable, interventions should be directed at promoting appropriate antibiotic administration and utilization. More research should now be performed to more completely understand the mechanisms by which these risk factors can affect an individual's colonization status so as to improve prediction and prevention procedures for colonization and ultimately protect patients from avoidable infection.
